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z.2012.07Abstract Transmission electron microscopy (TEM) has been applied for the ﬁrst time to study
vitellogenesis in the caryophyllidean tapeworm Monobothrioides chalmersius (Woodland, 1924)
Hunter, 1930 from the catﬁsh Clarias gariepinus inhabiting Nile Delta water in Egypt. During devel-
opment of vitellocytes, cell size and nuclear surface are increased. Meanwhile, parallel cisternae of
granular endoplasmic reticulum (GER) and Golgi complexes develop, but the nucleo-cytoplasmic
ratio is restored, shell-globules (vitelline granules) are formed, small shell-granules fuse into larger
shell-globules and large shell-globules fuse into larger shell-globule clusters, cytoplasmic and
nuclear glycogen accumulate. Mature vitellocytes of M. chalmersius contain ﬁve kinds of vitelline
material: shell globules clusters (vitelline granules), glycogen, few probably lipid droplets, many
peripheral translucent vesicles and electron-dense vesicles. The interstitial tissue consists of cells
from which many cytoplasmic processes extend to be in close contact with maturing and mature
vitellocytes. The cytoplasm of the interstitial cells contains some electron-dense vesicles. The possi-
ble function of the interstitial cells inclusions is discussed. The vitellogenesis of M. chalmersius fol-
lows the basic pattern of the process in caryophyllidean cestodes but some differences were recorded
particularly in the ultrastructure of the mature vitellocytes and interstitial tissue. Vitellogenesis and
ultrastructure of the mature vitellocytes and interstitial tissue of M. chalmersius are compared par-
ticularly with those in other monozoic cestodes.
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.007Introduction
Caryophyllidean tapeworms (Platyhelminthes: Eucestoda) are
unique among ‘‘true’’ cestodes (Eucestoda) in their posses-
sion of a monozoic non-segmented body type, which con-
tains only a single set of male and female organs. They
may be pathogenic for their ﬁsh hosts (Bauer et al., 1973;and hosting by Elsevier B.V. All rights reserved.
126 S.Z. ArafaWilliams and Jones, 1994; Hamada and El-Naggar, 2003;
Oros et al., 2009). In Egypt, Monobothrioides chalmersius
was recorded from the intestine of the catﬁsh Clarias gariepi-
nus inhabiting Nile water (Hamada and El-Naggar, 2003;
Hamada et al., 2004). The authors studied the surface topog-
raphy, mode of attachment, histopathological effects and the
detailed anatomy of this parasite. Moreover, spermatogenesis
and ultrastructure of the spermatozoa of M. chalmersius were
previously studied (Arafa and Hamada, 2004).
The vitellocytes of cestodes and trematodes play two
important roles in their developmental biology: (1) Produc-
tion and secretion of proteins for egg shell or capsule forma-
tion (S´widerski et al., 1970a; S´widerski and Xylander, 2000;
Xylander, 1988). (2) Nourishment of the developing embryos
with nutritive reserves stored in their cytoplasm (S´widerski
and Xylander, 2000; S´widerski and Mackiewicz, 2004). Vitel-
logenesis of polyzoic cestodes has been studied by many
authors (see for example, S´widerski et al., 1970a,b; S´widerski
and Mokhtar, 1974; Korneva, 2001; Levron et al., 2007).
However, limited data are available on vitellogenesis of mon-
ozoic cestodes particularly caryophyllids (Poddubnaya et al.,
2003; Ortner-Scho¨nbach, 1913; S´widerski et al., 2004a;
Mackiewicz, 1968; S´widerski and Mackiewicz, 1976;
S´widerski et al., 2004b; S´widerski et al., 2009; Brunˇanska´
et al., 2009). Nevertheless, no information is available
on vitellogenesis and vitellocytes ultrastructure of
M. chalmersius. Therefore, the aim of the present study is
to provide new data on vitellogenesis and ultrastructure of
mature vitellocytes of the caryophyllidean cestode
M. chalmersius. Examination of the cytological changes
accompanying development of vitellocytes may contribute a
better understanding of its biology.Materials and methods
Specimens of the freshwater ﬁsh C. gariepinus (syn. C. lazera)
were obtained from Damietta branch of the river Nile, near
Mansoura, Daquahlia Province, Egypt. Fishes were kept alive
in tanks containing aerated Nile water until required. They
were dissected and the alimentary canals were opened in saline
solution. The caryophyllidean cestodes M. chalmersius were
recovered from the alimentary canal by the help of a ﬁne nee-
dle using stereomicroscope. Some living specimens were
ﬂattened between two glass slides, ﬁxed in 10% formalin,
washed in distilled water and stained in alum carmine. After
staining, specimens were washed in distilled water, dehydrated
in an ascending series of ethanol, cleared in terpeniol or xylene
and mounted in Canada balsam or DPX. The vitelline follicles
were examined using phase-contrast and bright ﬁeld
microscopy.
Some toluidine blue-stained sections for light microscopy
and ultrathin sections for transmission electron microscopy
(TEM) were prepared as follow. Specimens of M. chalmer-
sius were washed using saline solution and then ﬁxed in
2.5% glutaraldehyde buffered to pH 7.3. Each specimen
was cut into three regions; anterior, middle and posterior
regions. The middle regions, containing most of the vitelline
follicles, were left in the ﬁxative for about 2 h and washed
for about 1 h in several changes of cold buffer (0.1 M so-
dium cacodylate containing 3% sucrose and 0.1 M CaCl2).
Post-ﬁxation was carried out for about 1 h at 4 C in freshlyprepared 1% osmium tetroxide in 0.1 M sodium cacodylate-
HCl. The specimens were left in the washing buffer over-
night and were then dehydrated in ethanol solutions and
propylene oxide. They were then orientated and embedded
in capsules containing Spurr resin. The capsules were placed
in an oven overnight at 60 C. Sections were cut using glass
knives at a thickness of 1 lm using an LKB ultramicrotome
and were stained in a solution of 1% toluidine blue in 1%
borax. Sections were mounted in DPX and examined using
phase-contrast and bright ﬁeld microscopy. Ultra-thin sec-
tions were cut in the middle regions of M. chalmersius at
70–90 nm using the ultramicrotome and diamond knife.
The sections were mounted on multiple-hole coated grids
and stained in a solution of uranyl acetate for about
30 min followed by lead citrate for about 5 min. They were
then examined using a JEOL transmission electron micro-
scope operating at 80 kv in the TEM unit, the University
of Dammam (previously King Faisal University) Al-Dam-
mam, Saudi Arabia.Results
Light microscope observations
The female reproductive system of the caryophyllid M. chal-
mersius consists mainly of vitelline follicles, follicular ovary,
ootype, receptaculum seminis, vagina and uterus. The ootype
connects the uterus, receptaculum seminis and vitelline reser-
voir which receives vitellaria from the vitelline follicles via
two common vitelline ducts.
The vitellaria ofM. chalmersius extend from the anterior re-
gion of the body just posterior to the neck to the posterior re-
gion just anterior to the ovary. No post ovarian vitelline
follicles were found in M. chalmersius. The follicles vary in
their size, the smallest ones occur toward the neck, while the
largest ones occur near the ovary. For more detailed descrip-
tion of this species, see Hamada et al. (2004).
Vitellaria of M. chalmersius are numerous oval or lobate
follicles (Fig. 1). They occupy the cortical region of the
parenchyma of their non-segmented monozoic strobila
(Fig. 1). Examination of toluidine blue-stained sections re-
vealed that each vitelline follicle contains vitellocytes at dif-
ferent stages of development and interstitial cells (Figs. 2–6).
Four developmental stages of vitellocytes could be detected
and described as immature (stage I), early stage of matura-
tion (stage II), advanced stage of maturation (stage III) and
mature vitellocyte (stage IV). The immature vitellocytes
contain no vitelline granules (shell globules), while maturing
and mature ones contain shell globules of different sizes and
numbers (Figs. 2–6). The immature vitellocytes are often lo-
cated at the periphery of the follicle (Fig. 2). Some maturing
and mature vitellocytes are situated toward the center of the
follicle (Fig. 3), while others are situated at the periphery
(Figs. 4–6). It should be mentioned that the development
of vitellocytes is a continuous process and its division into
four different stages of development is done here to facilitate
description. The interstitial tissue appears to be cellular and
located among and in close contact with immature
and maturing vitellocytes (Figs. 5 and 6). Some of the inter-
stitial cells are located toward the center of the follicle
(Fig. 6).
Fig. 1 Light photomicrograph of toluidine blue-stained section
through the anterior region of the body of Monobothrioides
chalmersius showing the small vitelline follicles (vf) in the cortical
parenchyma (cp). t, tegument.
Fig. 2 Light photomicrograph of toluidine blue-stained section
through the vitelline follicles of Monobothrioides chalmersius. A
vitelline follicle containing vitellocytes at various stages of
maturation (I, immature vitellocyte; II, vitellocyte during early
stage of maturation; III, vitellocyte during advanced stage of
maturation; IV, mature vitellocyte) and interstitial tissue (it).
Fig. 3 Light photomicrograph of toluidine blue-stained section
through the vitelline follicles of Monobothrioides chalmersius
showing a mature vitellocyte (IV) located towards the centre. I,
immature vitellocytes; sg, shell globules.
Fig. 4 Light photomicrograph of toluidine blue-stained section
through the vitelline follicles of Monobothrioides chalmersius
showing a mature vitellocyte (IV) located at the periphery. I,
immature vitellocyte; it, interstitial tissue; sg, shell globules.
Light and electron microscopic study on vitellogenesis of the caryophyllidean 127Electron microscope observations
TEM examination of the vitelline follicles revealed that each
follicle is surrounded by an external cytoplasmic sheath
(Fig. 7). The four developmental stages of vitellocytes were de-
tected as immature, early stage of maturation, advanced stage
and mature vitellocyte.
Immature vitellocyte
Immature vitellocyte of M. chalmersius is nearly oval in shape
and has a large nucleus and little amount of cytoplasm (high nu-
cleo-cytoplasmic ratio) (Fig. 7). The nucleus contains a conspic-
uous electron-dense nucleolus and irregular clumps of dense
heterochromatin which are dispersed in the nucleoplasm
(Fig. 7). The cytoplasm of these cells is moderately electron-
dense in which few mitochondria could be detected in the
cytoplasm.
Early stage of maturation
During early stages of maturation, the nuclear surface area in-
creases. Lobe-like processes project from the nuclear envelope.
Fig. 5 Light photomicrograph of toluidine blue-stained section
through the vitelline follicles of Monobothrioides chalmersius. A
vtelline follicle containing vitellocytes at various stages of matu-
ration (I, immature vitellocytes; II, vitellocyte during early stage of
maturation; III, vitellocyte during advanced stage of maturation;
IV, mature vitellocyte) and interstitial tissue (it). Note the
cytoplasmic processes (arrows) extending from the interstitisl cells
to envelope vitellocytes. sg, shell globules.
Fig. 6 Light photomicrograph of toluidine blue-stained section
through the vitelline follicles of Monobothrioides chalmersius.
Interstitial tissue (it) in close cotact with mature vitellocytes (IV).
sg, shell globules.
Fig. 7 Electron micrograph of the vitelline follicle of Mono-
bothrioides chalmersius showing vitellocytes at various stages of
maturation. (I, immature vitellocytes; II, vitellocyte during early
stage of maturation; III, vitellocyte during advanced stage of
maturation; IV, mature vitellocyte) and interstitial tissue (it). cs,
cytoplasmic sheath; n, nucleus; p, parenchyma.
Fig. 8 Electron micrograph of the vitelline follicle of Mono-
bothrioides chalmersius showing immature vitellocytes (I), vitello-
cyte at early stage of maturation (II) and interstitial tissue (it). dv,
electron-dense vesicles, GER, granular endoplasmic reticulum; n,
nucleus; nu, nucleolus; sg, shell globules. Arrow; shell globules
fusing together; arrow head, translucent vesicle. INSET: small
shell globules fuse to form larger shell globules.
128 S.Z. ArafaThe nucleus has a conspicuous nucleolus and dispersed clumps
of heterochromatin (Fig. 8). The nucleo-cytoplasmic ratio de-
creases. The vitellocyte is also characterized by the presence of
long cisternae of the granular (rough) endoplasmic reticulum
(Figs. 8 and 9) and many mitochondria. Golgi complexes pro-
duce vesicles (the precursors of shell globules). Subsequently,
small electron-dense granules (shell globules) are formed ﬁrst
in a translucent matrix (Fig. 9). Many small spherical shell
globules are found in the cytoplasm. The small shell globules
fuse to form larger ones (Fig. 8 Inset). During this stage of
development, a few translucent vesicles were also detected inthe cytoplasm of the vitellocyte (Fig. 8). A single probably
lipid inclusion is associated with concentric rows of the endo-
plasmic reticulum (Fig. 10).
Fig. 9 Electron micrograph of a vitelline follicle of Monoboth-
rioides chalmersius showing part of a vitellocyte at early stage of
maturation. g, region intranuclear glycogen particles; GER,
granular endoplasmic reticulum; m, mitochondria; n, nucleus; sg,
shell globule. Note that the small shell globules are formed ﬁrst in
a translucent matrix (arrow).
Fig. 10 Electron micrograph of a vitelline follicle of Monoboth-
rioides chalmersius showing a vitellocyte at early stage of matu-
ration. A single probably lipid inclusion (l) is associated with
concentric rows of the endoplasmic reticulum (ER). n, nucleus; sg,
shell globules.
Fig. 11 Electron micrograph of a vitelline follicle of Monoboth-
rioides chalmersius showing part of a vitellocyte at advanced stage
of maturation. g, region of nuclear glycogen particles; m,
mitochondria; n, nucleus; sg, shell globule; sgc, shell globules
cluster.
Fig. 12 Electron micrograph of a vitelline follicle of Monoboth-
rioides chalmersius showing part of a vitellocyte at an advanced
stage of maturation. g, nuclear glycogen; GER, granular endo-
plasmic reticulum; m, mitochondria; l, probably lipid droplet; n,
nucleus; sgc, shell globules cluster. Note the electron lucent vesicle
(arrow) incorporated with shell globules clusters in moderately
electron-dense region of cytoplasm.
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During advanced stages of vitellocyte maturation, the cell size
and the volume of the cytoplasm increase. The nucleus of the
vitellocyte has an irregular shape with dispersed heterochro-
matin, some of which become very close to the nuclear enve-
lope (Figs. 11 and 12). Granular endoplasmic reticulum,
Golgi complexes and mitochondria are more abundant in the
cytoplasm of the vitellocytes (Figs. 11 and 12). Single shellglobules fuse to form shell globules clusters (Figs. 11 and
12). The number of the shell globule clusters increases in the
cytoplasm. Occasionally, a small translucent vesicle is found
in this matrix (Fig. 12). A considerably electron lucent large
probably lipid droplet is incorporated with shell globule units
in a shell globule cluster (Fig. 12). Accumulation of glycogen
particles in the cytoplasm (cytoplasmic) and in the nucleo-
plasm (intranuclear) was also observed (Figs. 11 and 12).
Fig. 13 Electron micrograph of a vitelline follicle of Mono-
bothrioides chalmersius showing a mature vitellocyte. Note the
cytoplasmic and large itranuclear central region of glycogen
particles (g). dv, electron-dense vesicles; n, nucleus; sgc, shell
globules cluster; tv, translucent vesicles.
Fig. 14 Electron micrograph of a vitelline follicle of Mono-
bothrioides chalmersius showing mature vitellocytes. Note the
accumulation of many shell globules cluster (sgc), cytoplasmic
glycogen (g) and translucent vesicles (tv) at the periphery.
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The size of mature vitellocytes increases ﬁve to six times and
the nucleo-cytoplasmic ratio is restored. The nucleus has a
spherical shape and is bounded by a conspicuous double nucle-
ar envelope (Fig. 13). More accumulations of cytoplasmic and
intranuclear glycogen particles could be detected. Intranuclear
glycogen occupies the central region of the nucleus, while the
heterochromatin is found at the periphery adjacent to the nu-
clear envelope (Fig. 13). The shell globule clusters are abun-
dant in the cytoplasm of the mature vitellocytes (Fig. 13).
They vary in size and each one appeared to be formed of 2
to 8 single shell globules. Only one kind of shell globule clus-
ters is found in the cytoplasm of mature vitellocytes (Figs. 13–
15). In some sections through the mature vitellocytes, consid-
erably large areas of cytoplasmic glycogen were detected
(Figs. 14 and 15). Many translucent vesicles and electron-dense
granules were also detected in the cytoplasm (Fig. 13).The
translucent vesicles vary in their size and situated at the periph-
ery surrounding the cytoplasmic glycogen (Figs. 14 and 15). A
few probably lipid droplets were found in the cytoplasm of ma-
ture vitellocytes (Fig. 15).
Interstitial tissue
Cytoplasmic extensions from the interstitial tissue ramify to
surround the vitellocytes at different stages of maturation
within the follicle (Figs. 7 and 8). The nucleus of the interstit-
ium could not be detected in the TEM sections. Ramiﬁed cyto-
plasmic processes contain dense matrix, mitochondria,
granular endoplasmic reticulum and some electron-dense vesi-
cles (Figs. 6 and 7).
Discussion
As far as our knowledge, the present work is the ﬁrst to study
the ultrastructure of vitellogenesis in the caryophyllidean ces-
tode M. chalmersius. Maturation of vitellocytes is character-ized by: (1) Increase in cell size ﬁve to six times; (2) decrease
and restoring of the nucleo-cytoplasmic ratio; (3) development
of parallel GER cisternae; (4) development of Golgi com-
plexes; (5) fusion of the small shell-granules into larger shell-
globules and into larger shell-globule clusters; (6) synthesis
and storage of glycogen in the cytoplasm and in the nucleus;
(7) disintegration of the GER and accumulation of more
shell-globule clusters within the vitellocyte cytoplasm; and (8)
accumulation of more cytoplasmic and nuclear glycogen. In
this respect, the vitellogenesis ofM. chalmersius appears to fol-
low the basic pattern of the process as previously described for
many caryophyllidean cestodes (Mackiewicz, 1968; S´widerski
and Mackiewicz, 1976; S´widerski et al., 2004a,b; Brunˇanska´
et al., 2009). However, some differences were recorded partic-
ularly in the ultrastructure of the mature vitellocytes and inter-
stitial tissue.
Generally, mature vitellocytes of caryophyllids possess two
types of vitelline inclusions: Shell globule clusters and glycogen
(S´widerski and Xylander, 2000). However, Brunˇanska´ et al.
(2009) detected three types of vitelline material (shell globule
clusters, ‘‘lamellar’’ granules, and glycogen) in the mature
vitellocytes of the caryophyllid Atractolytocestus huronensis.
The present study revealed that mature vitellocytes ofM. chal-
mersius contain ﬁve kinds of the vitelline material (shell glob-
ules clusters, few probably lipid droplets, many peripheral
translucent vesicles, electron-dense vesicles and glycogen).
A few translucent vesicles were detected in the cytoplasm of
the vitellocytes during early and late stages of maturation.
However, many peripheral translucent vesicles were detected
in the cytoplasm of mature vitellocytes. These translucent ves-
icles were not detected in the mature vitellocytes of other
caryophyllids (S´widerski and Xylander, 2000). Histochemical
Fig. 15 Electron micrograph of a vitelline follicle of Monoboth-
rioides chalmersius showing a mature vitellocyte containing shell
globules cluster (sgc), accumulation of translucent vesicles (tv) at
the periphery, cytoplasmic glycogen (g) and probably lipid
droplets (l).
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position of the content of these vesicles.
In the cytoplasm of mature vitellocytes of M. chalmersius,
only one type of shell globules clusters was found. Each cluster
consists of 2–8 tightly packed electron-dense globules. In the
mature vitellocytes of the caryophyllid A. huronensis, Brunˇans-
ka´ et al. (2009) detected two types of shell globule clusters. The
ﬁrst type consists of loosely packed electron-dense globules
embedded in the electron-lucent matrix, whereas the second
type is represented by tightly packed electron-dense globules
within matrix of a moderate electron density.
Mature vitellocytes of M. chalmersius contain nuclear and
cytoplasmic glycogen and few probably lipid droplets. Lipid
droplets and glycogen serve as nutritive reserves for the future
embryo (S´widerski and Xylander, 2000). In M. chalmersius,
nuclear glycogen was randomly dispersed in the nucleoplasm
of vitellocytes at early stages of maturation. However, in ma-
ture vitellocyte, nuclear glycogen is found in the form of cen-
tral accumulation. S´widerski and Xylander (2000) stated that
great amount of glycogen (nuclear and cytoplasmic) and the
absence of cytoplasmic lipid droplets are the most characteris-
tic features of vitellogenesis in the Caryophyllidea, however,
nuclear glycogen was not detected in the mature vitellocytes
of the caryophyllid A. huronensis (Brunˇanska´ et al., 2009).
Randomly dispersed nuclear glycogen was recorded in the
caryophyllid Wenyonia virilis (S´widerski et al., 2009). On the
other hand, almost no glycogen is found in the mature
vitellocytes of Gyrocotylidea, Amphilinidea (Xylander, 1987;
Xylander, 1988) as well as Tetraphyllidea (Mokhtar-Maamo-uri and S´widerski, 1976). In the Trypanorhyncha, of the three
species studied for vitellogenesis, only one possess large
amounts of glycogen (S´widerski et al., 2006a,b; S´widerski
et al., 2007). No traces of lipid droplets were present in the
cytoplasm of Cyclophyllidea (S´widerski and Xylander, 2000).
Glycogen and lipids occur in the vitelline cytoplasm of the
Spathebothriidea (Brunˇanska´ et al., 2005; Poddubnaya et al.,
2006), Pseudophyllidea (S´widerski and Mokhtar, 1974; Korne-
va, 2001; Levron et al., 2007), or Proteocephalidea (Brunˇans-
ka´, 1997; Korneva and Davydov, 2001).
The interstitial tissue in the vitelline follicles of M. chalmer-
sius consists of cells from which many cytoplasmic processes
extend to be in close contact with and sometimes envelope
the vitellocytes at different stages of development. The intersti-
tial tissue in the vitelline follicles of the caryophyllidean ces-
todes has been reported to be either syncytial as in
Glaridacris catostomi (S´widerski and Mackiewicz, 1976) and
A. huronensis (Brunˇanska´ et al., 2009) or cellular as inW. virilis
(S´widerski et al., 2009).
The cytoplasm of the interstitium of M. chalmersius con-
tains some electron-dense vesicles. These vesicles are supposed
to be nutrients transported to the vitellocytes. The presence of
many electron-dense vesicles in the mature vitellocyte supports
such suggestion. The nutritive role of the interstitial tissue to
vitellocytes has not been proved in Eucestoda. However, in
the caryophyllidean cestode A. huronensis, Brunˇanska´ et al.
(2009) found evidences supporting the suggestion that the elec-
tron-dense vesicles in the interstitium may represent nutrients
transported from the parenchyma toward the vitellocytes. In
Amphilina (Cestoda) and some Monogenea, the parenchymal
extensions are responsible for the selection and transport of
the nutritive material toward the developing vitellocytes (Hal-
ton et al., 1974; Xylander, 1988).References
Arafa, S.Z., Hamada, S.F., 2004. Spermatogenesis and sperm ultra-
structure of the caryophyllidean cestode, Monobothrioides chalmer-
sius (Woodland, 1924) Hunter, 1930. Egypt. J. Zool. 43, 49–70.
Bauer, O.N., Musselius,V.A., Strelkov, Y.A., (1973). Diseases of pond
ﬁshes. Israel Programme for Scientiﬁc Translations, Jerusalem, pp.
220.
Brunˇanska´, M., 1997. Proteocephalus exiguus La Rue 1911 (Cestoda,
Proteocephalidae): ultrastructure of the vitelline cells. Helmintho-
logia 34, 9–13.
Brunˇanska´, M., Drobnı´kova´, P., Oros, M., 2009. Vitellogenesis in the
cestode Atractolytocestus huronensis Anthony, 1958 (Caryophylli-
dea: Lytocestidae). Parasitol. Res. 105, 647–654.
Brunˇanska´, M., Poddubnaya, L.G., Dezfuli, B.S., 2005. Vitellogenesis
in two spathebothriidean cestodes. Parasitol. Res. 96, 390–397.
Halton, D.W., Stranock, S.D., Hardcastle, A., 1974. Vitelline cell
development in monogenean parasites. Z. Parasitenkd. 45, 45–61.
Hamada, S.F., Arafa, S.Z., El-Naggar, M.M., 2004. A new record of
the cestode Monobothrioides chalmersius (Caryophyllidea, Lytoc-
estidae) from the catﬁsh Clarias gariepinus in Egypt, with a note on
the cholinergic components of the nervous system. J. Egypt. Ger.
Soc. Zool. 43, 159–176.
Hamada, S.F., El-Naggar, M.M., 2003. Surface topography, mode of
attachment and histopathology of Monobothrioides chalmersius
(Cestoidea: Caryophyllidea) from Clarias gariepinus in Egypt.
Egypt. J. Zool. 40, 185–201.
Korneva, J.V., 2001. Vitellogenesis and capsule formation during
embryogenesis in Triaenophorus nodulosus (Cestoidea, Caryophyl-
lidea, Triaenophoridae). Zool. Zh. 80, 1422–1428.
132 S.Z. ArafaKorneva, J.V., Davydov, V.G., 2001. The female reproductive system
in the proteocephalidean cestode Gangesia parasiluri (Cestoda,
Proteocephalidea, Proteocephalidae). Zool. Zh. 80, 131–144.
Levron, C., Poddubnaya, L.G., Kuchta, R., Freeman, M., Scholz, T.,
2007. Vitellogenesis and vitelline system in the pseudophyllidean
tapeworm Paraechinophallus japonicus: ultrastructural and cyto-
chemical studies. Folia Parasitol. 54, 43–50.
Mackiewicz, J.S., 1968. Vitellogenesis and egg shell formation in
Caryophyllaeus laticeps (pallas) and Caryophyllaeoides fennica
(Schneider) (Cestoidea: Caryophyllidea). Z. Parasitenkd. 30, 18–32.
Mokhtar-Maamouri, F., S´widerski, Z., 1976. Vitellogenese chez
Echeneibothrium beauchampi Euzet 1959 (Cestoda: Tetraphyllidea,
Phyllobothriidae). Z. Parasitenkd. 50, 293–302.
Oros, M., Hanzelova´, V., Scholz, T., 2009. Tapeworm Khawia sinensis:
review of the introduction and subsequent decline of a pathogen of
carp, Cyprinus carpio. Vet. Parasitol. 164, 217–222.
Ortner-Scho¨nbach, P., 1913. Zur morphologie des glykogens bei
trematoden und cestoden. Arch. Zellforsch. 11, 413–449.
Poddubnaya, L.G., Gibson, D.I., S´widerski, Z., Olson, P.D., 2006.
Vitellocyte ultrastructure in the cestode Didymobothrium rudolphi
(Monticelli, 1890): possible evidence for the recognition of diver-
gent taxa within the spathebothriidea. Acta Parasitol. 51, 255–263.
Poddubnaya, L.G., Mackiewicz, J.S., Kuperman, B.I., 2003. Ultra-
structure of Archigetes sieboldi (Cestoda: Caryophyllidea): rela-
tionship between progenesis, development and evolution. Folia
Parasitol. 50, 275–293.
S´widerski, Z., Huggel, H., Scho¨nnenberger, N., (1970b). Comparative
ﬁne structure of vitelline cells in cyclophyllidean cestodes. Pro-
ceedings of Seventh International Congress of Electron Micros-
copy, pp. 825–826. Grenoble.
S´widerski, Z., Mackiewicz, J.S., 1976. Electron microscope study of
vitellogenesis in Glaridacris catostomi (Cestoidea: Caryophyllidea).
Int. J. Parasitol. 6, 61–73.
S´widerski, Z., Mackiewicz, J.S., 2004. Ultrastructural studies on the
cellular organisation of the coracidium of the cestode Bothrioceph-
alus clavibothrium Ariola, 1899 (Pseudophyllidea, Bothriocephali-
dae). Acta Parasitol. 49 (116), 139.
S´widerski, Z., Mokhtar, F., 1974. E´tude de la vitelloge´ne`se de
Bothriocephalus clavibothrium Ariola, 1899 (Cestoda: Pseudophyl-
lidea). Z. Parasitenkd. 43, 135–149.
S´widerski, Z., Xylander, W.E.R., 2000. Vitellocytes and vitellogenesis
in cestodes in relation to embryonic development, egg production
and life cycle. Int. J. Parasitol. 30, 805–817.S´widerski, Z., Brunˇanska´, M., Poddubnaya, L.G. (2004a). Ultrastruc-
tural and cytochemical studies on vitellogenesis in the caryophylli-
dean cestode Caryophyllaeus laticeps. Proceed IX Eur Multicolloq
Parasitol. Valencia, Spain, 18–23 July 2004, p. 602.
S´widerski, Z., Brunˇanska´, M., Poddubnaya, L.G., Mackiewicz, J.S.,
2004b. Cytochemical and ultrastructural study on vitellogenesis in
caryophyllidean cestode Khawia armeniaca (Cholodkovski, 1915).
Acta Parasitol. 49, 16–24.
S´widerski, Z., Huggel, H., Scho¨nnenberger, N., (1970a). The role of
the vitelline cell in the capsule formation during embryogenesis in
Hymenolepis diminuta (Cestoda). Proceedings of Seventh Interna-
tional Congress of Electron Microscopy, pp. 669–670. Grenoble.
S´widerski, Z., Miquel, J., Mocicki, D., Neifar, L., Grytner-zie˛cina, B.,
Mackiewicz, J.S., 2006a. Ultrastructural and cytochemical studies
on vitellogenesis in the trypanorhynch cestode Dolfusiella spinulif-
era Beveridge, Neifar et Euzet, 2004 (Eutetrarhynchidae). Acta
Parasitol. 51, 182–193.
S´widerski, Z., Miquel, J., Mocicki, D., Neifar, L., Grytner-zie˛cina, B.,
Mackiewicz, J.S., 2006b. Ultrastructure of the vitellocytes in the
cestode Progrillotia pastinacae Dollfus, 1946 (Trypanorhyncha,
Progrillotiidae). Acta Parasitol. 51, 194–199.
S´widerski, Z., Miquel, J., Neifar, L., Mackiewicz, J.S., 2007. Ultra-
structural and cytochemical studies on vitellogenesis in the
trypanorhynch cestode Parachristianella trygonis Dollfus, 1946
(Eutetrarhynchidae). Acta Parasitol. 52, 114–126.
S´widerski, Z., Mocicki, D., Mackiewicz, J.S., Miquel, J., Ibraheem,
M.H., Brunˇanska´, M., 2009. Ultrastructure and cytochemistry of
vitellogenesis in Wenyonia virilis Woodland, 1923 (Cestoda,
Caryophyllidea). Acta. Parasitol. 54, 131–142.
Williams, H., Jones, A., 1994. Parasitic Worms of Fish. Taylor and
Francis, London and Bristol, pp. 593.
Woodland, W.N.F., (1924). On a new species of the cestodarian genus
Caryophyllaeus from an Egyptian siluroid. Proc. Zool. Soc. Lond.,
(part 2), 529–532.
Xylander, W.E.R., 1987. Ultrastructural studies on the reproductive
system of Gyrocotylidea and Amphilinidea (Cestoda). II. Vitellaria,
vitellocyte development and vitelloduct of Gyrocotyle urna. Zoo-
morphology 107, 293–297.
Xylander, W.E.R., 1988. Ultrastructural studies on the reproductive
system of Gyrocotylidea and Amphilinidea (Cestoda). I. Vitellar-
ium, vitellocyte development and vitelloduct in Amphilina foliacea
(Rudolphi, 1819). Parasitol. Res. 74, 363–370.
